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BIOLOGY OF CANCER 

Networks of signal transduction pathways 

in the cell. 
 

• Critical nodes (‘hubs’) in the signal transduction 
network are targets for oncogenic alterations 

 

 

 

• Hanahan and Weinberg 2000/2011 
 

 



Taming the dragon: genomic biomarkers to 

individualize the treatment of cancer 

Nature Medicine 2011 

 



Targeted Therapeutics in Cancer. 

McDermott U et al. N Engl J Med 2011;364:340-350 



Daily practice 

• Amplification 

• Clonality 

• Genomic 
alterations/CIN 

• Mutation 

• Methylation (CpG 
islands) 

• MSI analysis 

• Translocation 

• (mi)RNA expression 

• Ploidie status 

• Typing 

 

 

 

BRAF 1796T>A (V600E)  

MSI Analysis 



Current tools 
 • Allele specific assays 

• Classic Sanger DNA 
sequencing 

• Flow cytometry 

• Fragment analysis 
(typing, MSI) 

• FISH, CISH/BRISH 

• LIPA 

• MLPA 

• Melting curve analysis 

• RT-PCR 

 

 

 

 

 



 Challenges 2012-…. 

 

 Increasing numbers with: Limited (pre-)operative material 

– Early diagnosis, Neoadjuvant therapies 

– Only tissue biopsies/cores 

– Enrichment/microdissection steps 

– FNA material 

 Identification of tumorheterogeneity 

 Laboratory automation 

 

 

 

Automation 
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Preoperative Staging: on Cytological material 

• Current lung cancer staging guidelines 

acknowledge: 

– Endosonography with fine needle aspiration  

• Mediastinal lymph nodes   

– Minimally invasive alternative to surgical 

staging to detect nodal disease. 

– Minimal material 

Pathological diagnosis: On Cytology from lymph nodes 

Molecular Pathology on the same material: Option for  Personalized medicine? 

J. Annema et al JAMA. 2010;304(20):2245-2252 



EGFR activated, KRAS wildtype 



Limited material 

FNA mediastinal lymphnode 



Allele specific taqman probes = 

FAST 
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Rapid Mutation Analysis of Fine Needle 

Aspirates using allele-specific qPCR 

• EGFR: p.L858R*, exon 19 deletions*  

• KRAS: p.G12S, p.G12R, p.G12C, p.G12D, p.G12A, 

p.G12V, p.G13D 

 

• PIK3CA: p.E542K, p.E545K, p.H1047R  

• BRAF: p.V600E, (p.V600K) 

• NRAS, HRAS, KIT, IDH1/2, …. 

 

R. van Eijk et al PlosONE 2011: 6 (3) e17791 



And it works on minimal input DNA 

Mutant signal 

R. van Eijk et al PlosONE 2011: 6 (3) e17791 

WT signal 

Effect of the DNA concentration on the c.34G.T KRAS assay. 
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EGFR L858R 

Initial analysis in Bio-Rad CFX Manager  

And it works on minimal input DNA 



EGFR deletion exon 19 

• ‘Classical detection’ 
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FAST assay for exon 19 deletions 

Group 2, 3 

Group 1, 2 

Wild type signal is lost if a deletion is present  



2 Subcutane lesions 
cytology 

histology 

Tumor heterogeneity in melanoma 
BRAFV600E 

NO BRAF V600E 

COBAS: BRAFV600 + 

GTG -> AAG: V600K 





Tumor heterogeneity 1 

• Gerlinger M et al. N Engl J Med. 2012 (10):883-92. Intratumor 
heterogeneity and branched evolution 
revealed by multiregion sequencing.  

• Cancer Discov. 2012; 2(8):660. A deeper look at 
tumor heterogeneity.  



  

Yap T A et al. Sci Transl Med 2012;4:127ps10-127ps10 
 
Charles Darwin: The origin of species 

Published by AAAS 

Tumor heterogeneity 2: A trunk-branch model of intratumor 

heterogeneity. 

 



NGS current  

vs  

NGS limited material 

  

• FFPE biopsies /FNA 

• Mutoom Genomic, 

Methylomic, 

Transcriptomic, miRNA, 

fusion info needed. 

• No DNA/cDNA 

amplification possible 

because of false positivity 

 

 

 

 

 

 

 



NGS first/2nd/third  

 • FFPE Sequenom 

• FFPE Target enrichment of 
selected gene sets 

 

• Helicos 

• Illumina high seq/my seq 

• Ion/Proton Torrent 

• Nanopore 

• Complete genomics 

 

Challenges: 

• Frozen tissue vs FFPE 

• False positivity rates? 
Bioinformatics 

• Logistics? 

 

 

 

 

 

 



Taming the dragon: genomic biomarkers to 

individualize the treatment of cancer 

Nature Medicine 2011 

 



Concluding remarks: 

 

 

 

 

 

http://personalgenome.com/ 

Read Vogelstein and Kinzler: 

 

Winning the war: Science Parkour 

 

www.ScienceTranslationalMedicine.org march 28 2012 

http://www.sciencetranslationalmedicine.org/


Vogelstein and Kinzler: 

Winning the war: Science Parkour 
www.ScienceTranslationalMedicine.org 2012 

 
• There is a difference between proclaiming a war and winning a war. 

In 1971, U.S. President Richard Nixon proclaimed a war on cancer 

• Prevention and early detection 

• Immunotherapy, targeted therapy, achieving victory. 

 

• Hanahan and Weinberg, 2011 

http://www.sciencetranslationalmedicine.org/

